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The fruits that presented visual defects, mechanical damage, and attack by fungi and wood pests were discarded. The extraction process was carried out in duplicate using a BERTUZZI brush pulper. The samples were packed in plastic bags (500 mL) and stored under freezing temperature (-20 °C) until analyses.
Physical and physicochemical analyses
The analyses were carried out according to AOAC methods (ASSOCIATION... 1997): pH (method nº 981.12); total titratable acidity (method nº 942.15); reducing and total sugars (methods nº 925.35 and 925.36); proteins (method nº 920.152); lipids (method nº 968.20), and ashes (method nº 940.26). Soluble solids (ºBrix) were evaluated based on the direct reading of degrees Brix of the sample at 20 °C using a LEICA AR200 digital refractometer, and the total solids were determined using a GEHAKA IV 2002 infrared moisture analyser.
Rheological characterization
The rheological analyses of the Brazilian Cherry pulp were carried out using a BROOKFIELD RV-DV III digital rheometer with a coaxial cylinder geometry (Ultra Low Viscosity Adapter -ULA) and a BROOKFIELD TC500 thermostatically controlled water bath. The analyses were carried out in triplicate varying the velocity in both the increasing (10 to 250 rpm) and decreasing (250 to 10 rpm) modes with increments of 10 rpm every 15 seconds. The total run time was 6.30 minutes, within which 50 measurements of apparent viscosity (mPa.s), shear stress (Pa), and shear rate (s -1 ) were obtained. The temperatures evaluated were 83, 85, 90, 95, and 97 °C in addition to 20 °C, which was used as the reference temperature. Samples of 16.0 mL of Brazilian cherry pulp were used for each experiment, and sample reuse was avoided due to the possible changes in rheological properties after heating.
The effect of temperature on the apparent viscosity (η a ) at a specific shear rate was evaluated by the equations analogous to Arrhenius equation (Equation 3) (RAO; STEFFE, 1992; MARCOTTE, HOSHAHILI; RAMASWAMY, 2001; JUSZCZAK; FORTUNA, 2004) . The Herschel-Bulkley model was used to obtain the apparent viscosity values at different shear rates.
at,
where: η a = apparent viscosity (Pa.s); η o = constant (Pa.s); E at, η = activation energy (J.mol -1 ); R = gas constant (8.3144 J.mol ); and T = temperature (K).
Statistical analysis
A non-linear fit (Quasi-Newton) was made for the Power Law (Ostwald-de-Waele) and Generalized Power Law (Herschel-Bulkley) models using the STATISTICA® version 5.0 software (STATSOFT…, 1995) . Ascending and descending curves were used to obtain the fits for the models, the mean value of shear stress was calculated for each shear rate at the different temperatures evaluated. The average values of ascending and descending curves were used because the fluid did not present particles and the structure of the system. The literature on the rheology of fruit derivatives has established that temperature, soluble solids concentration, pectin content, and insoluble solids content are the main factors responsible for the rheological behavior (RAO; STEFFE, 1992; JUSZCZAK; FORTUNA, 2004; HAMINIUK et al., 2006) .
Different temperatures are applied in the various steps of fruit juice and pulp processing, for example during pasteurization and cooling. Thus, the rheological behavior of these fluids should be studied in the various temperature ranges used in industrial processes (MARCOTTE; HOSHAHILI; RAMASWAMY, 2001; .
At rest, fruit pulps, which are dispersions of molecules or asymmetric particles, show a disordered state, but when subjected to shear stress, their molecules or particles tend to orient themselves toward the applied force. The greater the force applied, the greater the ordination and hence the lower the apparent viscosity. The pseudoplastic fluids are also known as shear-thinning fluids, since their apparent viscosity decreases as the shear rate is increased (RAO; STEFFE, 1992; RAO, 1999 In the Brazilian food industry, Brazilian Cherry fruit has mainly been used to produce pulp and juice, which shows good economic potential due to the consumer appeal arising from its high concentration of antioxidant compounds (EINBOND et al., 2004; SPADA et al., 2008; CELLI; PEREIRA-NETTO; BETA, 2011) .
The objective of the present study was to evaluate the rheological behaviour of Brazilian Cherry pulp in the range of pasteurization temperatures from 83 to 97 °C.
Materials and methods

Raw material
Brazilian Cherry fruits (9 kg) were obtained from a farm in Valinhos, São Paulo, Brazil. Immediately after harvest, the fruits were transported to the Pilot Plant of Food Technology Department at UNICAMP, where they were selected, washed, and sanitized with chlorine solution (60 mg.L -1 ) for 30 minutes.
juices and pulps and verified that this deviation from Newtonian behavior was determined by the pulp content. Rao (1999) and Sato and Cunha (2009) showed that the rheological behavior of fruit juices and pulps was related to the levels of suspended soluble solids as a function of the form, size, and concentration of the suspended particles and the structure of the system. The presence of pectic substances and/or dispersed solid particles is responsible for the non-Newtonian behavior which can be described by the Power Law, Herschel-Bulkley, and Bingham models (SARAVACOS; DAK; VERMA; JAAFFREY, 2007) .
The influence of temperature on the behavior of the curves in Figures 1 and 2 is quite pronounced; it can be seen that the curve prepared at a temperature of 20 °C (reference temperature) is in a distinct range of values for shear stress and viscosity when compared to those prepared at pasteurization temperatures (83, 85, 90, 95, and 97 °C) . According to Rao and Steffe (1992) , Marcotte, Hoshahili and Ramaswamy (2001) and Juszczak and Fortuna (2004) , and many other authors, temperature is one of the major factors that affect the viscosity of fruit pulps. thixotropy, as described by Gasparetto and Guimarães (2000) . The following statistical parameters were evaluated to determine the adequacy of the models: coefficient of determination (R 2 ), chi-square (χ 2 ), and the sum of squared residues (SSR). The higher the value of χ 2 , the greater the difference between the frequencies observed and those predicted by the model. Thus, the model that best fitted the data was that with the highest R 2 values and the lowest for χ 2 and SSR values. The Arrhenius Equation was fitted using non-linear regression using the same software. Table 1 shows the results of composition obtained for the Brazilian Cherry pulp used in this study. The major constituent of pulp Brazilian Cherry are total sugars (7.97%), especially reducing sugars (7.80%), which accounted for 89.7% and 87.8% of the total solids of the pulp, respectively. Similar composition for this fruit was observed by Lederman, Bezerra and Calado (1992) and Santos, Silva and Alves (2006) .
Results and discussion
Physical and physicochemical characterization of Brazilian Cherry pulp
As observed for other fruits, the values of proteins (0.68%) and lipids (0.49%) are below 2%. Bagetti et al. (2011) reported values of 1.4% and 0.4% for proteins and lipids in Brazilian cherry fruit, respectively. Figure 1 shows the flow curves for Brazilian Cherry pulp at the different temperatures studied. The graph represents the mean experimental points and their respective curves adjusted to the Herschel-Bulkley model. Non-Newtonian behavior was observed, as shown by the non-linearity between the shear stress and shear rate applied. In addition, the slopes of the flow curves decreased with an increase in shear rate, evidence of the decrease in apparent viscosity with increase in shear rate, confirming the pseudoplastic behavior of the Brazilian Cherry pulp.
Rheological behavior of Brazilian Cherry pulp
The majority of food fluids presents pseudoplastic behavior the apparent viscosity decreases with an increase in shear rate (RAO; STEFFE, 1992; SARAVACOS; MAROULIS, 2001), as can be seen in Figure 2 . Rao and Steffe (1992) and Saravacos and Maroulis (2001) reported the pseudoplastic behavior of fruit Pelegrine, Silva and Gasparetto (2002), Ahmed and Ramaswamy (2004) , Dutta et al. (2006) , Dak, Verma and Jaaffrey (2007) showed pseudoplastic behavior for papaya, mango, and pineapple pulps. This effect is clearly more pronounced for whole pulps than for those clarified by centrifugation.
According to Chin et al. (2009) and Sánchez et al. (2009) , pummelo juice concentrate and white guava puree showed behavior index (n) values below unity at temperatures from 6 to 75 °C and 10 to 60 °C, respectively, indicating pseudoplastic behavior. Saravacos and Maroulis (2001) showed that the values for the behavior index (n) for fruit purees were generally in the range from 0.30 to 0.50. The variation in this parameter is a function of several variables such as: variety, processing, degree of maturity, and the method for determining rheological parameters. Guerrero and Alzamora (1997) and Krokida, Maroulis and Saravacos (2001) showed that the consistency index (K) decreased significantly at high temperatures, but the behavior index (n) of fruit purees was not affected.
Comparing the fit for the Power Law and HerschelBulkley models, it can be seen that both models satisfactorily represent the rheological behavior of the Brazilian Cherry pulp. The Herschel-Bulkley model showed higher values for the determination coefficient (R 2 ) and lower values in the chi-square test (χ 2 ) and also for the sum of squared residues (SSR). Additionally, the Herschel-Bulkley model provides three rheological parameters (yield stress, consistency coefficient, and flow behavior index), when compared with the Power Law model (two parameters), which does not provide the parameter yield stress. According Haminiuk et al. (2006) , the yield stress is an important quality control parameter in industrial processes, particularly for comparing the overall characteristics of products manufactured on different production lines.
Since the Herschel-Bulkley model generates more information (yield stress) than the Power Law model, it was chosen to describe the rheological behavior of the Brazilian Cherry pulp.
Effect of temperature
The effect of temperature on the apparent viscosity of Brazilian cherry pulp at a constant shear rate can be described by the Arrhenius equation, in which the apparent viscosity decreases with temperature ( Figure 3) . The apparent viscosity values generated by Herschel-Bulkley model were used in the construction the Arrhenius model. , respectively. Table 2 shows the values obtained for the apparent viscosity of Brazilian Cherry pulp at shear rates of 100, 200, and 300 s -1 . As can be seen in Figure 2 , a decrease in apparent viscosity is verified when the increases in temperature and shear rate are considered separately.
These values are relevant in industrial processing operations when the shear rate is greater than 100 s -1 (VIDAL, 2006) . effect of temperature on the apparent viscosity of the Brazilian Cherry pulp.
Determination of the rheological parameters of Brazilian Cherry pulp
The value found for the activation energy (E at, η) for the viscous flow of Brazilian Cherry pulp at 100 s -1 (reference shear rate) was 12.330 kJ.mol -1 (Table 4) , a value close to other values found in the literature for the E at, η of a variety of fruit pulps. Haminiuk et al. (2006) found the value of 11.046 kJ.mol -1 at a shear rate of 50 s -1 for the E at, η of whole araçá pulp (11.7 °Brix).
Conclusions
The rheological behavior of Brazilian Cherry pulp in the range of pasteurization temperatures studied can be represented by the Herschel-Bulkley equation. The fluid behavior indexes (n) were below unity characterizing the pseudoplastic behavior of the Brazilian Cherry pulp. The effect of temperature can be evaluated using the Arrhenius-type equation obtaining the activation energy values for the viscous flow of Brazilian Cherry pulp. 
